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type Α: v = 0.328+0.255D H2 , R2 = 0.7653, standard error = 0.3096, for site type B: v = 0.343D H2 , R2 = 0.8146, stand-
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TREE vOLUME MOdEL ESTIMATES ANd 
NEAREST NEIGHbOR ANALySIS IN THE 
STANdS Of SCOTS PINE (Pinus sylvestris L.) IN 
THE CENTRAL PART Of ROdOPE MOUNTAIN
Modeli procjene volumena stabala te analiza strukturnih 
odnosa metodom najbližih susjeda u sastojinama običnog 
bora (Pinus sylvestris L.) u središnjem masivu Rodopa


































2. MATERIALS ANd METHOdS
MATERIJALI I METODE
2.1 Study area – Područje istraživanja






sylvestris – F. sylvatica, Abies borisii-regis – F. sylvatica – P. 



























figure 1. Location of the study area 
(white circle).
Slika 1. Područje istraživanja (bijela 
kružnica).
















































Table 1. Regression models for total volume estimation.









1 Logarithmic = + 1 20ˆ
b b
v b D H
Schumacher and 
Hall, 1933
2 Constant form factor =
2











= + + +2 20 1 2 3v̂ b b D b H b D H Romancier, 1961




v b b D H Newham, 1967




Table 2. Criteria for regression models comparison.
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: estimated values of volume from the regression model
volume procijenjen regresijskim modelom
n : number of observations
broj mjerenja
p : number of regression coefficientsbroj regresijskih koeficijenata
v  : average of estimated volumes
srednji procijenjeni volumen
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3. RESULTS
REZULTATI





Table 3. Descriptive statistics of the sampled trees.








Standardna devijacija min max
v (m3) 1.87 0.59 0.91 4.19
D (m) 0.46 0.07 0.32 0.65
H (m) 27.37 4.05 22.00 41.00








Standardna devijacija min max
v (m3) 1.41 0.81 0.38 3.83
D (m) 0.39 0.11 0.22 0.72
H (m) 23.91 2.01 18.00 28.00








Standardna devijacija min max
v (m3) 0.92 0.46 0.21 2.12
D (m) 0.35 0.08 0.19 0.49
H (m) 19.87 2.45 17.00 26.00








Standardna devijacija min max
v (m3) 1.45 0.75 0.21 4.19
D (m) 0.41 0.10 0.19 0.72
H (m) 24.07 4.29 17.00 41.00






Table 4. Descriptive statistics of the distances of the neighbor trees.
Tablica 4. Deskriptivna statistika udaljenosti susjednih stabala
Distance
Udaljenost
Trees of site type A







1 2.13 1.31 0.10 5.00
2 3.04 1.11 0.50 5.00
3 3.90 1.29 0.50 8.00
Distance
Udaljenost
Trees of site type B
Stabla na staništu “B”
1 1.57 0.94 0.01 4.00
2 2.45 1.12 0.20 5.00
3 3.17 1.09 1.00 5.00
Distance
Udaljenost
Trees of site type C
Stabla na staništu “C”
1 2.71 1.45 0.30 7.00
2 3.33 1.71 0.50 8.00
3 4.15 1.86 0.30 10.00
Distance 1: distance of the first closest tree (m)
Udaljenost 1: udaljenost do prvog najbližeg stabla (m)
Distance 2: distance of the second closest tree (m)
Udaljenost 2: udaljenost do drugog najbližeg stabla (m)
Distance 3: distance of the third closest tree (m)
Udaljenost 3: udaljenost do trećeg najbližeg stabla (m)
3.2 Selection of the best regression model and 
validation for site type A – Odabir najpovoljnijeg 

















3.3 Selection of the best regression model and 
validation for site type b – Odabir najpovoljnijeg 










2. Constant form factor  = 2ˆ 0,343v D H
3.4 Selection of the best regression model and 
validation for site type C – Odabir najpovoljnijeg 
modela regresije za lokaciju C
As for site type C, all models have negative values for R2, ei-
ther for fitting or validation data, so we cannot choose one.
3.5 Selection of the best regression model and 
validation for the study area as a whole – Odabir 









2. Constant form factor  = 2ˆ 0,318v D H





Table 5. Descriptive statistics of the species of the neighbor trees.
Tablica 5. Opisna statistika analize udaljenosti susjednih (najbližih) stabala 
prema vrstama drveća
Trees corresponding to site type

















sylvestris 12 19.7 9 16.7 31 67.4
2: Fagus 
sylvatica 44 72.1 45 83.3 14 30.4
3: Abies 
borisii-regis 5 8.2 0 0.0 1 2.2
4: Betula 




sylvestris 19 31.1 22 40.7 28 60.9
2: Fagus 
sylvatica 41 67.2 32 59.3 14 30.4
3: Abies 
borisii-regis 0 0.0 0 0.0 4 8.7
4: Betula 




sylvestris 16 26.2 23 42.6 30 65.2
2: Fagus 
sylvatica 42 68.9 31 57.4 15 32.6
3: Abies 
borisii-regis 3 4.9 00 0.0 0 0.0
4: Betula 
pendula 0 0.0 0 0.0 1 2.2
Species 1: first closest species
Vrsta 1: prvo najbliže susjedno stablo
Species 2: second closest species
Vrsta 2: drugo najbliže susjedno stablo
Species3: third closest species
Vrsta 3: treće najbliže susjedno stablo
Table 6. Regression models comparison for site type A.
























1 0.2411 0.3159 0.7607
2 0.2487 0.3255 0.7351
3 0.2435 0.3096 0.7653
4 0.2393 0.3098 0.7748
























1 0.1483 0.2366 0.4522
2 0.2670 0.3141 -0.2412
3 0.1558 0.2301 0.4080
4 0.1540 0.2598 0.4340
5 0.1432 0.2500 0.4761
Rejections are highlighted in grey.
Odbačeni modeli označeni sjenčanjem.
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Table 7. Regression coefficients and their significances for all models.
Tablica 7. Koeficijenti regresije i njihova značajnost za sve modele
Site type A – fitting data























b0 0.290 0.143 0.002 0.579
b1 1.651 0.159 1.330 1.971
b2 0.941 0.140 0.660 1.222
2 b0 0.303 0.007 0.289 0.317
3
b0 0.328 0.133 0.061 0.595
b1 0.255 0.020 0.214 0.296
4
b0 1.846 1.241 –0.652 4.344
b1 –6.953 5.188 –17.397 3.490
b2 –0.053 0.045 –0.143 0.037
b3 0.498 0.186 0.123 0.872
5
b0 0.888 0.304 0.277 1.499
b1 0.043 0.055 –0.067 0.153
b2 2.932 0.774 1.375 4.489
b3 1.604 0.429 0.741 2.466
Site type A – validation data
























b0 0.585 0.744 –1.173 2.343
b1 0.798 0.386 –0.116 1.712
b2 0.529 0.401 –0.418 1.477
2 b0 0.312 0.018 0.272 0.352
3
b0 0.990 0.331 0.226 1.753
b1 0.139 0.059 0.003 0.275
4
b0 –1.313 5.401 –14.530 11.903
b1 10.850 28.022 –57.717 79.418
b2 0.092 0.213 –0.430 0.614
b3 –0.297 1.111 –3.015 2.422
5
b0 –140.246 106732.848 –261306.117 261025.624
b1 140.118 106724.358 –261004.979 261285.215
b2 0.010 7.593 –18.570 18.590
b3 0.007 4.965 –12.142 12.155
Site type b – fitting data
























b0 0.105 0.172 –0.242 0.453
b1 1.630 0.131 1.366 1.894
b2 1.286 0.495 0.286 2.287
2 b0 0.343 0.012 0.319 0.366
3
b0 0.213 0.095 0.020 0.406
b1 0.302 0.021 0.259 0.345
4
b0 –0.838 1.170 –3.207 1.531
b1 3.246 8.103 –13.158 19.650
b2 0.046 0.049 –0.053 0.144
b3 0.161 0.324 –0.496 0.817
5
b0 –0.496 0.584 –1.679 0.686
b1 0.324 0.500 –0.688 1.337
b2 1.279 0.351 0.568 1.990
b3 0.931 0.473 –0.027 1.889
Site type b – validation data
























b0 5.139 24.581 –51.545 61.822
b1 1.943 0.384 1.058 2.828
b2 0.140 1.443 –3.187 3.467
2 b0 0.329 0.022 0.280 0.379
3
b0 0.135 0.242 –0.411 0.682
b1 0.307 0.046 0.204 0.410
4
b0 1.286 5.892 –12.647 15.218
b1 2.099 27.732 –63.476 67.674
b2 –0.050 0.242 –0.623 0.522
b3 0.244 1.109 –2.378 2.867
5
b0 0.164 0.675 –1.431 1.760
b1 5.882 33.307 –72.876 84.639
b2 2.166 1.102 –0.440 4.772
b3 0.118 1.702 –3.907 4.142
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Site type C – fitting data
























b0 0.279 0.176 –0.079 0.636
b1 1.794 0.144 1.501 2.086
b2 1.010 0.189 0.626 1.394
2 b0 0.346 0.008 0.329 0.362
3
b0 0.060 0.054 –0.049 0.169
b1 0.327 0.018 0.291 0.364
4
b0 –0.029 0.554 –1.154 1.096
b1 0.281 3.675 –7.179 7.742
b2 0.005 0.029 –0.054 0.064
b3 0.309 0.186 –0.067 0.686
5
b0 –0.169 0.253 –0.682 0.343
b1 0.384 0.258 –0.140 0.907
b2 1.518 0.382 0.741 2.294
b3 0.870 0.237 0.389 1.351
Site type C – validation data
























b0 5.15E-005 0.000 –0.001 0.001
b1 1.908 0.527 0.230 3.585
b2 3.921 2.158 –2.945 10.788
2 b0 0.349 0.031 0.268 0.430
3
b0 0.111 0.232 –0.533 0.755
b1 0.312 0.084 0.080 0.545
4
b0 9.216 0.217 8.282 10.151
b1 –78.393 1.454 –84.649 –72.137
b2 –0.447 0.011 –0.492 –0.401
b3 4.205 0.072 3.896 4.514
5
b0 Run stopped after 400 model evaluations and 174 
derivative evaluations because it reached the limit 
for the number of iterations.
Nastavak obrade prekinut nakon 400 evaluacija 





Total area – fitting data
























b0 0.415 0.135 0.149 0.681
b1 1.677 0.082 1.515 1.839
b2 0.848 0.091 0.667 1.029
2 b0 0.318 0.005 0.307 0.328
3
b0 0.221 0.050 0.122 0.320
b1 0.279 0.010 0.260 0.299
4
b0 –0.326 0.337 –0.993 0.341
b1 2.841 1.801 –0.723 6.405
b2 0.024 0.015 –0.005 0.053
b3 0.162 0.073 0.017 0.306
5
b0 –0.099 0.190 –0.476 0.278
b1 0.479 0.194 0.095 0.863
b2 1.577 0.197 1.186 1.968
b3 0.798 0.125 0.551 1.046
Total area – validation data
























b0 0.502 0.593 –0.722 1.726
b1 1.705 0.214 1.263 2.147
b2 0.797 0.353 0.069 1.525
2 b0 0.322 0.013 0.297 0.348
3
b0 0.208 0.135 –0.071 0.487
b1 0.285 0.027 0.229 0.341
4
b0 –0.181 1.706 –3.709 3.348
b1 2.477 9.615 –17.414 22.367
b2 0.016 0.072 –0.133 0.165
b3 0.184 0.395 –0.633 1.002
5
b0 0.055 0.443 –0.861 0.972
b1 0.462 0.673 –0.931 1.855
b2 1.773 0.594 0.544 3.002
b3 0.828 0.465 –0.133 1.790
Rejections are highlighted in grey.
Odbačeni modeli označeni sjenčanjem
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Table 8. Regression models comparison for site type B.






















1 0.2480 0.3127 0.8490
2 0.2698 0.3379 0.8146
3 0.2622 0.3225 0.8352
4 0.2572 0.3254 0.8407






















1 0.2972 0.4206 0.8420
2 0.2885 0.3896 0.8305
3 0.2896 0.4039 0.8360
4 0.2865 0.4476 0.8434
5 0.2887 0.4480 0.8431
Rejections are highlighted in grey.
Odbačeni modeli označeni sjenčanjem
Table 9. Regression models comparison for the whole dataset.













1 0.2174 0.2807 0.8638
2 0.2270 0.3039 0.8377
3 0.2222 0.2841 0.8593
4 0.2194 0.2833 0.8623













1 0.2429 0.3208 0.8159
2 0.2559 0.3234 0.7972
3 0.2467 0.3154 0.8146
4 0.2457 0.3283 0.8151
5 0.2433 0.3276 0.8160












= +2 2 2ˆ 0.1028 0.02705 0.005215v D D H DH   (1)




and the present):  ≤ ≤0.32 0.499D  m and  ≤ ≤22 28H  m, 
volume is  ≤ ≤0.795 2.346v  m3 for model (1),  ≤ ≤0.770 2.245v  
for model (2),  ≤ ≤0.902 2.106v  for site type A of the central 
part of the Rhodope Mountains,  ≤ ≤0.773 2.391v  for site 









































For site type Α:  = + 2ˆ 0.328 0.255v D H , R2 = 0.7653, stand-
ard error = 0.3096
For site type B:  = 2ˆ 0.343v D H , R2 = 0.8146, standard error 
= 0.3379














































































































Na preostala dva staništa odabrani modeli bili su kako slijedi: na staništu “Α“: = + 2ˆ 0.328 0.255v D H , R2 = 
0.7653, standardna pogreška = 0.3096, na staništu “B”:  = 2ˆ 0.343v D H, R2 = 0.8146, standardna pogreška= 
0.3379, te sveukupno, za sva tri staništa  = 2ˆ 0.318v D H , R2 = 0.8377, standardna pogreška= 0.3039. Nije utvrđen 
utjecaj udaljenosti među susjednim stablima na oblik analiziranih stabala. Istraživanje je pridonijelo razvoju 
volumnih prediskcijskih modela na staništima “A” i “B” kao i na sva tri staništa zbirno. Analiza sastojinskih 
strukturnih odnosa metodom najbližih susjeda ukazala je da vrsta drveća i udaljenost među stablima imaju 
različit utjecaj na oblik stabala.
KEYWORDS: pinus sylvestris, Grčka, modeli procjene volumena, metoda najbližih susjeda.
